Knowing the configuration of the nuclear pore is essential for appreciating the underlying mechanisms of nucleo-cytoplasmic communication. Now, Fernandez-Martinez et al. present a highresolution structure of the cytoplasmic nuclear pore-mRNA export holo-complex, challenging our textbook depiction of this massive membrane-embedded complex.
Often referred to as the gateway to the genome, the nuclear pore complex (NPC) functions as a selectively permeable channel that mediates nucleo-cytoplasmic transport, such as import of proteins and export of newly generated mRNAs. While the general picture of transport across the NPC has been drawn, molecular understanding of the functional interplay between the NPC and the transporting complexes remains incomplete, largely because of the difficulty of solving the structure of such an enormous multi-subunit complex. The 65-125 MDa NPC consists of multiples of 30 different components, termed nucleoporins (Nups), and various unstructured domains, containing stretches of phenylalanine-glycine (FG) repeats, are present within many Nups (D'Angelo and Hetzer, 2008) . FG-rich Nups comprise the NPC sub-complexes that interface with mRNA export machinery and play key roles in mRNA export (Knockenhauer and Schwartz, 2016) . In this issue of Cell, Fernandez-Martinez et al. (2016) presents a sub-nanometer-resolution structure of the yeast Nup82 holo-complex, which not only provides critical information for understanding the molecular underpinnings of mRNA export but also reveals that our generally accepted depiction of the nuclear pore has been incorrect for decades.
Export of mRNA is a multi-step process involving several key interactions with the NPC (Folkmann et al., 2011; Knockenhauer and Schwartz, 2016) . After post-transcriptional modifications and processing, mRNA associates with ribonucleoproteins (RNP) to form mRNP particles. With the assistance of export receptor proteins Mex67 and Mtr2, mRNPs traverse through the central transport channel of the NPC, lined with FG-rich Nups. At the cytoplasmic face of the NPC, an RNA helicase Dbp5 and its binding partner Gle1 remodel the mRNP, removing export receptors, which ensures the directionality of mRNP transport and results in release of the mRNA into the cytoplasm for translation. The remodeling of mRNPs occurs in association with the Nup82-holo complex that is comprised of Nup159, Nup82, Nsp1, and Dyn2 and acts as a binding hub for the mRNP remodelers Gle1 and Dbp5. The last step of remodeling has been proposed to occur on cytoplasmic fibrils, comprised of the Nup82 complexes, which are thought to protrude away from the NPC scaffold into the cytoplasm (Figure 1 ). This step is one of the less understood transitions in the mRNA export process because, from the earlier proposed structure of the NPC, it is unclear how mRNPs would ''jump'' from the inner channel to the distally located cytoplasmic fibrils and how the process of mRNP transport is coupled to its final remodeling (Folkmann et al., 2011; Knockenhauer and Schwartz, 2016 ).
In the current study, the authors base their approach on previously developed modeling methods, which integrate diverse sets of biochemical and biophysical data to assemble structures of large complexes, including the recently solved structure of the scaffold complexes of the NPC (Shi et al., 2015; von Appen et al., 2015) . The extensive array of high-resolution methods and information used here is remarkable. It includes (1) quantitative mass spectrometry, such as QconCAT-MS, on the purified Nup82 complex to determine its stoichiometry; (2) negative stain electron microscopy (EM) to determine the average morphology and dimensions of the complex; (3) integration of available and similar atomic structures of individual domains and components; (4) NMR data on disordered FG repeat domains; and (5) chemical crosslinking, followed by mass spectrometry (CX-MS), to define protein residues that are in spatial proximity. Through this highly integrative approach, the authors were able to generate a model structure of the Nup82 complex that satisfied all of the input constraints at the final 9.0 Å resolution. The solved structure demonstrates that Nup82 holo-complex assembles into an asymmetric ''D''-shaped particle formed by compositionally identical subunits, each consisting of Nup82, Nup159, and Nsp1, which bind to a Dyn2 dimer. One of the subunits forms the ''rod'' while the other forms the ''loop'' of the D-shaped holo-complex.
With a structure of the Nup82 holocomplex in place, the authors used CX-MS to determine how the holo-complex associates with the rest of the NPC. The majority of the identified crosslinks connected the Nup82 complex to the NPC scaffold via the Nup84 Y-shaped complex. Combining this data with previously determined density maps and crystallographic data on the yeast Nup84 complex (Alber et al., 2007; Kelley et al., 2015) , the authors put forward a structural model for the entire Nup82-Nup84 complex assembly. Unexpectedly, the model revealed that the Nup82 holo-complex is not extended away from the NPC scaffold, as has been proposed and drawn for decades, but instead positions right over the scaffold ring of the NPC and faces downward into the central transport 
